
AD/A-006 513

VISCOELASTIC AND THERMOMECHANICAL
BEHAVIOR OF HYSOL 141A RESIN

Joseph M. AugI, et al

Naval Surface Weapons Center
White Oak Laboratory
Silver Spring, Maryland

237 Janu-arY 1-975

DiSTRIOBUTE BY:

R•At* TMc$lc"l Wumabd Seoy!"
U. S. CEPAaRHENI Of CUM&CE



IT=hwTARgTwTRrn
SECURITY CLASSIFICATION OF THIS PAGE (Im DM0 lntt*Qd

REPORT DOCUMENTATION PAGE DEFOf COMLETINGFORM
I. REPORT NUMsER 2. GOVT ACCEISON NO ,RI[ MT* CATALOG NUMOV.R

S~~~NSWC/WOL/TR 75-4 -

4. TITLE (and Subtitle) S. TV"E OF REPORT & PEWOO COVERED

Viscoelastic and Thermomechanical Behavior ofSHysol 141A Epoxy-Resin
IR. PERFORMING ORG. REPORT NuMBR

7. AUTHOR(Q) a. CONTRACT On GANI? WlUmlW*)

Joseph M. Augl and James V. Duffy

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT. PROJ•CT' TAMK
AR!A 4 WORK UNIT NUMERMS

Naval Surface Weapons Center SSPO-7740-2/B5og09.
-.White Oak Laboratory
White Oak, Silver Spring, M•maland 209_ -

I. CONTRO.LLIM• QFVICZ NAME AND ADORUS •4 19PORT OA. .'

.- 1. O. O Z-uAs(or..'13,

Unclassi fied

Approvod for public re.iease; distribution unlimited

IV, DISTIOUTION STATEMCNT (O1 0-to alU# -No," Wh 0, II $Nob0M* X04")

NATIONAL TECHNICAL
INFORMATION SERVICE

US opo_"- oufi TO c"w
10. 0(ty Q01140 do~ WV r.Wt.ol itmt "* a. e"W ut' $ g" 641Mbý)

vicoelastlcity of epoxy .,eoin resIn creep behavior
epoxy filatent winding resin )Iyaol 141A
thermomechanical behavior of ewoxy resin
time-te•pnprtture supe. rposi tion

Hysoll4A resin (an experimental epoxy resin for filament vinding
purposes) vrs investigated for its viscoelastic and thermomechanica1
behavior. The creep behavior.oi' this resin increases rtrongly at slightly
elovatovA terperature, which gives rise to some concern if this material
W-zr exposed to longterm loading. The resin mo(,ulus decreases rapidly
above room temperature and the resin is virtually a rubber above, 100°C,

W D 146 3 1FWIOMOF I NOVO 411IS T evlCLASSiFIED ' 4
5/N OO~*O4~ 601 QUC"TV AW44AToNOF 00TH PAS ~i~g ~ iz.



UUCLASSIFIKD
* ,I.&6s-u"Ily CLASSPICA1'BON OV THIS %'AU5AGWA OMl hluS.0

vhioh makes the use of Hyso]. 14~1A bIbly questioneble as a windIiv resin
for rocket motor chambers.



NSWC/WOL/TR 75_4

NSWC/WOL/TR 75_4 27 January 1975

VISCOELASTIC AND TH-M04MOCHAN ICAL BEHAVIOR OF HYSOL 141A EPOXY RESIN

This report describes the results of using the time-temperature surerposition
principle to estimate the longterm creen behavior of an exnerimental epoxy
resin (Hysol 1h4A) designed for filament winding of rocket motor chambers.
Also determined was the change of resin modulus as function of temperature.
The intent of the investigation was to obtain nertinent resin properties of
this candidate resin for possible use in the TRIDENIT rocket motor chambers.
Since the production of ERLA 2256 (the best resin nresently used for this
purpose) has been discontinued, it is incumbent for the Navy to find a replace-
ment for it. This report covers the effort from October 1973 to February 19T4,
funded by Stragetic Systems Project Office SSPO-77402/B1509001.

flOBEWTT WILLIAMSON II
Captain, USN
Commander

LLOY) A. P
-By direction
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INTRODUCTION

One of the components of the ERLA 2256 filament winding resin which was
used for the C-3 rocket motor cases will no longer be produced. Therefore,
it became necessary to find a substitute resin for C-4 TRIDENT motor cases.
"Hysol 141A (another commercial epoxy resin) gave good burst pressure results
in six inch bottle tests and thus was considered a candidate resin to replace
ERLA 2256. A preliminary evaluation of its thermomechanical behavior indicated
a low glass transition temperature ( 65-84 0 C,depending on curing conditions) which
is close enough to room temperature to cause concern about its creep behavior.
The rocket chamber walls and skirt areas are not only simple pressure vessels
but must also carry the weight of the missile while in storage. Therefore, a
creep deformation particularly in the dome contour may severely change the
calculated burst pressure. The objective of this investigation was to obtain
Information about the therzomechanical and viscoelastic properties of this new
resin.

EXPERIKETAL

Resin Cure

The two part resin was mixed in a ratio of 100 parts 141A and 20 parts
"143B (curing agent) cast into molds of 1/8 and 1/2 inch thickness. The resin
was then cured under the following conditions: It was held for one hour at
65 0 C then the temperature was raised to 120 0 C and kept at this temperature for
two hours. The resin properties are given in Table 1.

The cured resin was machived into 1/2 inch cubes and tested for creep
deformation at constant load vith a deformation testing machine as described by
the AsTm, test method D 6214•0.

"The measurements wer run at various temperatures and at different loading
conditions (415, 830, and 1630 psi). The testing machine was placed into an oven
(with forced air eirculstion) with a temperature vtr!ation of not rore then 4 10 C.-
These data vere used to derive master curves for . moi',uc, ereep compliance
snd a 3-dimensional surface of deformation aso funotion o. tire and load, and, by
usins the shift factor curve, also as function of temperature.

The thermoaethanical, behavior of the resnm was determined vith a, Torsional
Braid Analyter (Chemical Instrument Corporation)- The e1ass braids were
impregnated with the resin and cured under various conditions directly in the
variable temperature chamber of the analyzer. The relative modulus versus
temperature curves of the cured resins thus obtained were used to derive alco

• absolute modulus curves by determining the absolute moduli (under compression) ot
"two different temperatures. The relative rigidities at the same temperatures are
in a one to one relationship with the absolute values, thus the logarithmic scale
of relative Frdaiities ( • ) can now be transformed into an absolute scale.

P
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To determine the absolute moduli (under compressive lc,ý,iing) resin samples
I x 0.5 x 0.5 inches) were tested at constant crosshead speed on an Inatron

Universal Testing machine at 230 and 1600C for Hysol 1141A and at 230 and 2000C for
EFIA 2256, respectively. Corrections due to the machine compliance were mare
by using a corrisponding one inch steel bar.

RESULTS ANID DISCUSSIONJ

Criteria for the resin selection of the C-4s motor chambers are based on
delivered bottle burst pressure of Keviar fiber reinforced pressure vessels,
and on a number of fabrication parameters (see Table 2) which must be simul-
taneously met. Presently, there is no clear correlation between resin properties
and high bottle burst pressures using Kevlar as a reinforcing fiber material.

Hysol 141lA resin was one of the candidate resins unler consideration &as a
replacement for the discontinued ERIA 2256 resin and was to be used for filament
winding the C-4~ TRIDlENT rocket motor chambers.* The pron~erties of ?Iysol 141A
and LILA 2256 (see Table 1) are quite different from one another a'hich effects
their performance cbaracteristics. For example, while the Tg of ERLA 2256 is
1520 C, that of )IYsol 141A is only between 65-850 C (depending on cure), which
means that one might expect a fairly high degree of creep at ambient or alightl.y
elevated temperatures for this latter system. The major purpose of this
investigation vas to determine the creep behavior of the resin.

Also, since the strength of reinforced composites Is,, aside frm certain
fabrication parameters (for instance voids), dependent on resin modulus (see
C. C. Chamis, reference 1) it was also desirable to obtain absolute modulus-
values of Hysol 141lA as function of temperature.

De-forma-tiln of -lysol.141A Resin, Lner Lkoad, Creep Modulus and C=e.- Complinc

In order to determine longterm creep behavior under comnoressive loadir.t(
the time-temperature superposition principle was applied. The deformation udder
loai was determnined (according to ASV D. 62144~I) -at different loads and the
results are given in Figures I throush 3. These curves were used to derive
master curves of creep deformation. An example Is shown In Figure is which Is
the master curve for creep deformation at ~22C and 830 psi load. A thr&ee-
lirtensional projection. of a master surface of percent deformations function
)f tine and load is given in 'Figure 5., and,, by using the shift- frotor curve,
F -Are 6, alsor as a function of temperature. ("Mus the sh~ft factor curvo
'allows t~he determination of the creep behavior at any other tempeature', at least
between 10'0,and 800OC, This curve simply determines how much the master carve
'.or surface) has to be shifted parallel to the-time axis (in the positive

r ~aliy'it ws planned to determine creep also on Hysol 141A - Keviar
COMiPOSites. 'Me experiments were stopped because Hysol 141A resin was rejected
meanwhile as a viable resin candidate.

1. C. C. Chamis, 14. P. Hanson, and T. T. Serafini, =4S TM~X-68JM (19T3).-
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or negative direction) depending on whether the tempera~ture decreased or
increased.

The creep deformation data of Figure 3 were used to derive the corres-
ponding curves of creep modulus (and creep compliance), see Figure T. By using
the formula below:

t (red) T P t

Eta

where Et (rsd)i6 the reduced creep modulus as function of time; To is the
reference temperature, 2950? (229C); T is the temperature at which the experiment
was run (in OK); PO and P are the resin densities at To and T respectively;, Et
is the creep modulus at the time t; v is the constant load applied and o(t) is the
coimreasive deformation after time t.. The redue creep olac t(e)i
the inverse of Et (red)-

The master curve for creep modulus and creep compliance is shown in Figure B.

A simple example %heall illustrate hov one may use the master curve to predict
deformation under load at temperatures other than 22 0C (the reference temperature).

Using Figure 14,, we can see that at roomn temperature (220r.) and at a constan:t
load of.830 psi the polymer should deform eight percent over a period of 100
yesrs. If we want to know how long it would ta)~e for the same deformation at
320C,, we use the shift factor curve (Figure 6) and find that a 100C rise in.
-temperature correapondt to a shift of the master curve two decades to the left
i.e. negative direction of the time axis. Thus. the deformation is i &a cted
already after one year. If the temperature is ra -dto 1.20CO this deformation

' wevithin three and one-half days. Let us assume the cure temperature of
thie prop~llsnt were T4.0C and the applied load were the same, than we woul~d find
that this deformation occurs within one second. (It should be noted, however,
that this applied to the resin only. 4h eformation of a cornposite depends on
.the geometry' I.e. the fiber direction so that shear and ccmnerssive deformations.
will 1ave to be determined. An example f~or shear creep deformation has been
ýdescribed by D). F. Sizas -and J. 0. Halpin,, reference 2.)

Chane of Moftlus versus 'remrnrature

Torsional braid analysis (TSA) ca~n be used to determine in a very simple
way the change of Young's m~odulus of polymeric materials ovo: a vide range of
temperature above and belov 'rg.

Prce'torsional braid ansl~ysis of polyme~ric tiaterisals one does not obtain
directly the shoar modulus (since the -geometry of the- braid is poorly defined).

~. . F SmsndJ. C. Halpin, 1.70.esite Mtaterials: 'Testing and D)esign. AM~
Special Teecbaloul Publication 54.6 (1971.), y. 1.6.
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However, one obtains a relative shear modulus (7 , where p is the period
of the torsional motion).

This relative rigidity curve of log _-r versus temperature is in a one to
one relationship with the absolute curve Pof shear modulus log G which in
turn is related to the Young's modulus by the expression E = 20 11 + ) where v
is the Poisson's ratio. Thus, by changing the logarithmic scale the relative
rigidity curve can be transformed into an absolute modulus curve of G or E.
The scale for 0 is defined if two points of G are determined by methods giving
absolute G values (preferably above and below Tg). In order to determine E
from 0 one has to know the Poisson's ratio (v) as function of temperature.

Above and below the glass transition the dependence of u on temperature is
small and Etc G i. e. a parallel shift on the logarithmic modulus temperature
curve (see figure below,.

44AUS&8E4Y STAWe

I I

Vp

By detertdning two absolute values of 18 (above &and below TO) one cazn Faso get an
absolute scale oflog E vhich, hovever, is act the same as that for log. since
the change of Posadon's ratio to itcluded. Or invertely, by determiining the TBA
curve, two values each of' E and 0 (both above and below Tg wne my eatizate
the change of Poisson0s ratio in the transition region.

! 6
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This method was used to obtain the absolute modulus-temverature curve of
Hysol 141A and MLA 2256. The Instron machine tested samples were cured
under the same conditions as the TBA specimens.

Figures 9 and 10 show the thermomechanical behavior of the resins Hysol 14lA
and ERLA 2256 as determined by ThA. (The glass transition temperatures T were
defined as the maxima of the mechanical damping curve. It should be noted that
Tg's thus defined may differ somevhat from those determined by thermal expansion
coefficients or by scanning calorimetPy.) The corresnonding absolute Young's
modulus curve, determined as described above, are shown in Figures 11 and 12.

CONCLUSIONS

1. The resin Hysol 141A has a fairly low glass transition temperature (65-850C
depending on curing).

2. The resin modulus decreases rapidly with increaan.n temo4erature and reaches
a rubbery state at about 1000 C.

3. The creep at room temperatire is not excessive. However, it increases rapidly
at slightly elevated temperatures,

R.MMfMATION10

The resin Hysol IL1A should not be used for C-4 rocket motor cases unless it
has been assured that:

s. The low d7 does not lead to excessive deformations of the motor chsmbers
during propellant cure,

b. That Kevlar composites vill not creep sirignicantly under rocket
storage conditions, and

o. That the dalcul&tel chamber pressure is -maintained at the elevate4
tepersture during fli ht conditions.

'AC OW•,• • '

Ve thank Mr. H. Mathevs vho carried oul. the dfo~ratimn measurements.
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Table 2

"Resin Criteria for the C-4 Chamber

I. Initial viscosity < 1500 cps

2. Long pot life at 250C

3. Good fiber vetting properties

4. M1xmimum cure temperature : 150OC

5 Reactive to microvave curing

6. Lov shrinkage after curing

7. Heat distortion temperature • 100°C

S. Low %mter absorption

9. Low density

10. Highi uniaxial tensile and modulus properties

2.1. Hig~i elon ion (>~

12. --lterlaminar Whear strength

13, P•.s EPA and .05M regulations

A9
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